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left inverted terminal repeat, or ITR, (bp 1 to approximately 103) 
the packaging signals (approximately 194 to 358 bp) (Hearing and 
Shenk, 1983, Cell 33: 695-703; Grable and Hearing 1992, J. Virol. 64: 
2047-2056) and the right ITR. 
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contains ITR junctions which are known to be fuctionally capable of 
generating replicating linear Ad DNA molecules (Graham, F.L., 
"Covalently closed circles of human adenovirus DNA are infections," 
The EMBO J. 3, 2917-2922, 1984). 
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AB Adeno-associated Virus (AAV) has emerged as a promising vector for gene 
therapy because of its ability to generate high titer recombinant stocks 
and the potential for site specific integration. However, much of the 
current knowledge regarding the transduction and integration biology of 
this virus is based on studies evaluating wild type AAV or recombinant 



AAV 



this 



which was unknowingly contaminated with wild type virus. Given the fact 
that recombinant AAV is replication incompetent, by virtue of deleted 
viral rep proteins responsible for site specific integration of the wild 
type virus, the integration process for recombinant AAV may likely be 
different from its wild type counterpart. To this end, the present study 
has attempted to elucidate the proviral structure of stably integrated 
recombinant AAV genomes harboring the alkaline phosphatase reporter gene 
in 293 and IB3 cell lines. Initial studies attempted to functionally 
characterize differences in proviral genomes using mobilization assays 
with assessed both liberated episomal recombinant AAV and infectious 

following transfection with Rep/Cap containing plasmids and/or infection 
with recombinant adenovirus (Ad) . Using Southern and polymerase 
chain reaction (PCR) analysis, evaluation of genomic DNA from AAV clonal 
cell lines indicated that head to tail orientations of ITRs were 
absolutely required for excision of episomal genomes and rescue of 
infectious recombinant virus. Furthermore, mobilization of proviral DNA 
could be achieved in the presence of exogenous Rep/Cap without 
adenovirus, while mobilization of infectious recombinant virus 
required the addition of both Rep/Cap and Ad. Genomic Southerns suggest 
that two predominant proviral structures exist for recombinant AAV 
including head to head and tail to head duplex 

genomes. A third class of monomer proviral genomes with head to tail 

oriented ITRs was also observed. No evidence for tail to tail 

ITR oriented proviral genomes was detected in any of the clonal 

cell lines. Such findings have begun to lay the foundation for a clearer 

understanding of the mechanism of recombinant AAV integration and how 

process differs from wild type AAV. 



L9 ANSWER 2 OF 2 CAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 2000:628292 CAPLUS 

DOCUMENT NUMBER: 133:233574 

TITLE: Enhanced system for construction of adenovirus 

vectors 



INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



Graham, Frank L.; Parks, 

Merck & Co., Inc., USA 

PCT Int. Appl., 161 pp. 

CODEN: PIXXD2 

Patent 

English 

1 



Robii^^Ng, Philip 



PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 



WO 2000052187 
WO 2000052187 
WO 2000052187 

W: AU, CA, 
RW: AT, 
PT, 

US 6379943 
EP 1159439 
R: AT, 
IE, 

PRIORITY APPLN. 



BE, 

SE 



A2 

A3 

C2 
JP, US 
CH, CY 



20000908 
20001221 
20020711 



WO 2000-US5844 



^0000303 



DE, OK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 



Bl 
A2 

BE, CH, DE 
FI 
INFO. : 



AB 



such 



20020^30 US 1999-263650 19990305 

20011205 EP 2000-912186 20000303 

DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 

US 1999-263650 A 19990305 
US 1999-415899 A 19991008 
WO 2000-US5844 W 20000303 
In the present invention, viruses, plasmids or both are constructed which 
contain viral DNA, either at least one head-to-head 
ITR junction, recombinase recognition sites positioned such that 
site-specific recombination between recombinase recognition sites in sep. 
plasmids results in generation of infectious viral DNA at high-efficiency 
in cotransf ected host cells that have been engineered to express a 
site-specific recombinase, or both. Because of the high-efficiency and 
specificity of the Cre enzyme, the FLP enzyme, or both, suitably 
engineered plasmids can be readily recombined to produce infectious virus 
at high-efficiency in cotransf ected 293 cells, without, at the same time, 
producing wild-type adenovirus, with the attendant problems for 
removal thereof. Use of recombinases besides Cre or FLP, and recombinase 
recognition sites besides lox or frt sites, and use of cells other than 
293 cells are also disclosed and enabled, as are kits incorporating the 
site-specific vector system, as well as compns . and methods for using 

compns. as vaccines or in gene therapeutic applications. Enhancements in 
the efficiency of both site-specific and homologous recombination are 
provided by inclusion of at least one head-to-head 
ITR junction. 
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In the present invention, viruses, plasmids or both are constructed which 
contain viral DNA, either at least one head-to-head 
ITR junction, recombinase recognition sites positioned such that 
site-specific recombination between recombinase recognition sites in sep. 
plasmids results in generation of infectious viral DNA at high-efficiency 
in cot ransf ected host cells that have been engineered to express a 
site-specific recombinase, or both. Because of the high-efficiency and 
sp>ecificity of the Cre enzyme, the FLP enzyme, or both, suitably 
engineered plasmids can be readily recombined to produce infectious virus 
at high-efficiency in cotransf ected 293 cells, without, at the same time, 
producing wild-type adenovirus, with the attendant problems for 
removal thereof. Use of recombinases besides Cre or FLP, and recombinase 
recognition sites besides io:-: or frt sites, and use of cells other than 
293 cells are also disclosed and enabled, as are kits incorporating the 
site-specific vector system, as well as compns . and methods for using 

compns . as vaccines or in gene therapeutic applications. Enhancements in 
the efficiency of both site-specific and homologous recombination are 
provided by inclusion of at least one head-to-head ITR 
j unction . 
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AB The two-plasmid rescue method of constructing Ad vectors, which relies on 
either homologous or Cre-mediated recombination between two plasmids 
cotransf ected into 293 or 293Cre4 cells, resp., offers advantages over 
other approaches because of its simplicity. We have improved the 
efficiency of vector construction by both homologous and Cre-mediated 
recombination by replacing the single ITR in the shuttle plasmid with a 
head-to-head ITR junction. We have also expanded the 

versatility of this method by incorporating a Cre expression cassette 

into 

the plasmids to permit high-efficiency Cre-mediated vector rescue using 
293 cells, abrogating the need for Cre-expressmg cell lines. This new 
system retains the simplicity of the original but results in an 
. apprx . 1 CO- f old increase in the no. of recombinant viruses produced, all 
of which contain the foreign DNA insert, and allows high-efficiency 
Cre-mediated vector isolation using any El-complementing cell line. 

REFERENCE COUNT: 35 THERE ARE 35 CITED REFERENCES AVAILABLE FOR 

THIS 

FORMAT 



RECORD. ALL CITATIONS AVAILABLE IN THE RE 
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AB Adeno-associated Virus (AAV) has emerged as a promising vector for gene 
therap>y because of its ability to generate high titer recombinant stocks 
and the potential for site specific integration. However, much of the 
current knowledge regarding the transduction and integration biology of 
this virus is based on studies evaluating wild type AAV or recombinant 

AAV 

which was unknowingly contaminated with wild type virus. Given the fact 
that recombinant AAV is replication incompetent, by virtue of deleted 
viral rep proteins responsible for site specific integration of the wild 
type virus, the integration process for recombinant AAV may likely be 
different from its wild typ-e counterpart. To this end, the present study 
has attempted to elucidate the proviral structure of stably integrated 
recombinant AAV genomes harboring the alkaline phosphatase reporter gene 
in 293 and IB3 cell lines. Initial studies attempted to functionally 
characterize differences in proviral genomes using mobilization assays 
with assessed both liberated episomal recombinant AAV and infectious 

virus 

following transfection with Rep/Cap.' containing plasmids and/or infection 

with recombinant adenovirus (Ad) . Using Southern and polymerase 

chain reaction (PCR) analysis, evaluation of genomic DNA from AAV clonal 
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Nonhomologous recombination (NHR) is a major pathway for the repair of 
chromosomal double-strand breaks in the DNA of somatic cells. In this 
study, a comparison was made between the nonhomologous end joining of 
trans fected adenovirus DNA fragments in vivo and the ability of 
purified human proteins to catalyze nonhomologous end joining in vitro. 
Adenovirus DNA fragments were shown to be efficiently joined in 
human cells regardless of the structure of the ends. Sequence analysis of 
these junctions revealed that the two participating ends frequently lost 
nucleotides from the 3 r strands at the site of the joint. To examine the 
biochemical basis of the end joining, nuclear extracts were prepared from 
a wide variety of mammalian cell lines and tested for their ability to 
join test plasmid substrates. Efficient ligation of the linear substrate 
DNA was observed, the in vitro products being similar to the in vivo 
products with respect to the loss of 3' nucleotides at the junction. 
Substantial purification of the end-joining activity was carried out with 
the human immature T-cell-line HPB-ALL . The protein preparation was found 
to join all types of linear DNA substrates containing heterologous ends 
with closely equivalent efficiencies. The in vitro system for end joining 
does not appear to contain any of the three known DNA ligases, on the 
basis of a number of criteria, and has been termed the NHR ligase. The 
enriched activity resides in a high-molecular-weight recombination 
complex 

that appears to include and require the human homologous pairing protein 
HPP-1 as well as the NHR ligase. Characterization of the product 
molecules 

of the NHR ligase reaction suggests that they are linear oligomers of the 
monomer substrate joined nonrandomly head-to-head 



and/or tail-to-t^k. The joined ends of the product were found to be 
modified by a 3' ™onuclease prior to ligation, ai^pho circular DNA 
molecules were detected. These typ>es of products are similar to those 
required for the breakage- fusion-bridge cycle, a major NHR pathway for 
chromosome double-strand break repair. 
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Two mutants containing large deletions in the E4 region of the 
adenovirus genome H5dl366 (91.9-98.3 map units) and H2dl808 
(93.0-97.1 map units) were used to investigate the role of E4 genes in 
adenovirus DNA synthesis. Infection of KB human epidermoid 
carcinoma cells with either mutant resulted in production of large 
concatemers of viral DNA. Only monomer viral genome forms were produced, 
however, when mutants infected W162 cells, a monkey kidney cell line 
transformed with and expressing the E4 genes. Diffusible E4 gene 
products , 

therefore, complement the E4 mutant phenotype. The viral DNA concatemers 
produced in dl366- and dl 8 0 8-inf ected KB cells did not have any specific 
orientation of monomer joining: the junctions consisted of head 
-to-head, head- to- tail , and tail-to-tail joints. The 
junctions were covalently linked molecules, but molecules were not 
precisely joined, and restriction enzyme maps revealed a heterogeneous 
size distribution of junction fragments. A series of mutants that 
disrupted single E4 open reading frames (ORFs) was also studied: none 
showed phenotypes similar to that of dl366 or dl808. Mutants containing 
defects in both ORF3 and 0RF6, however, manifested the concatemer 
phenotype, indicating redundancy in genes preventing concatemer 
formation . 

These data suggest that the E4 ORFs 3 and 6 express functions critical 

for 

regulation of viral DNA replication and that concatemer intermediates ma] 
exist during adenovirus DNA synthesis. 
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One of the DNAs,^fcron 10-gElA-2, pSV2 -gpt-gE 1A, Adl2 E1A, was 

microin] ected sep. into pronuclei of fertilized mouse eggs, and 14 
transgenic mouse lines were obtained. The structures of integrated DNAs 
in these transgenic mice were analyzed by Southern blot hybridization. 
Head-to-head and tail-to-tail structures were found, 
although the injected mols. had a tendency to join each other in 
head-to-tail tandem forms when multiple copies were integrated. The 
analyses of the mice contg. pSV2-gpt-gE 1A showed that most of the 
restriction sites at the end of the injected mols. were restored at the 
tandem junctions. Furthermore, the integrated DNAs at the junctions to 
the host chromosomal DNA were deleted and (or) rearranged. 
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AB It has been shown recently that the c-mos oncogene becomes activated in 
myeloma XRPC-24 via insertion of an int racisternal A particle (IAP) long 
terminal repeat (LTR) . The inserted LTR serves as a promoter from which 
transcription of the 3' rearranged c-mos initiates. The insertion is in a 
head-to-head orientation such that the transcriptional 

orientations of the IAP and the 3 f rearranged c-mos are opposite. It has 
already been shown that this IAP LTR has two promoters, one transcribing 
the IAP genome and the other transcribing the rearranged c-mos . Since the 
IAP genomes are actively transcribed in mouse myelomas but not in normal 
cells, it was interesting to test whether transcriptional activation of 
the IAP occurs in the presence of active oncogene products, especially 
nuclear ones. The 5' LTR of the IAP inserted in myeloma XRPC-24 was 
chosen 

as a convenient model to test the effect of viral and cellular oncogene 
products. These included simian virus 40 (SV40) large-T antigen, the 
adenovirus early 1A (E1A) gene product, the myc gene product, and 
p53. The LTR was coupled to the bacterial gene coding for chloramphenicol 
acetyl trans f erase (CAT) in two orientations, and the levels of CAT 
directed by the LTR promoters were assayed in either the presence or the 
absence of the oncogene products. The levels of CAT directed by the 5' 



LTR 



promoter transcribing the IAP were significantly elevated in the presence 

of SV40 large-T antigen, the adenovirus E1A and myc gene 

products, and p53. The promoter transcribing the rearranged c-mos was 

transactivated by SV40 large-T antigen and the adenovirus E 1A 

gene product. The results indicate that oncogene products may have an 

important role in turning on promoters of other genes. The IAP LTR may 

serve as a useful model for studying the effect of various gene products 

on promoters which are known to be activated in the malignant state. 
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AB In the long unique region of the genome of herpes simplex virus type 1 
(HSV-1), the genes for DNA polymerase and the major DNA binding protein 
are arranged in a head to head manner, with an origin 

of DNA replication (termed OriL) located between them. This paper reports 
an 8400 base pair DNA sequence containing both genes and the origin, 
obtained mostly by M13/dideoxy analysis of plasmid cloned fragments. 

Amino 

acid sequences of the two proteins were deduced. Homologues of both genes 
were detected in the genome sequence of the distantly related 
Eps tem-Barr 

virus (EBV) . Arrangement of these HSV-1 and EBV genes differs in genome 
location and in relative orientation. A part of HSV-1 DNA polymerase was 
found to be similar to a sequence in adenovirus 2 DNA 

polymerase, but the significance of this is unclear. Since a DNA sequence 
in the locality of OriL deletes on plasmid cloning, this region was 
analysed using virus DNA. A palindrome with 72-residue arms was found, 
which shows great similarity to the better characterized origin, Oris. 
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AB Integrated viral DNA sequences and cDNA copies of viral mRNA species were 
cloned from 7IJY1-1, a rat 3Y1 cell line transformed by the 
adenovirus 7 DNA fragment (Hindlll-I.J 0 to 7.8% map units). The 
mol . arrangement and expression of the integrated Hindlll-I.J fragment 
were analyzed. The 7IJY1-1 cell line contained most of the sequences of 
Hindlll-I.J, which were localized at the 2 EcoRI-cleaved fragments of the 
cell DNA. The arrangement of viral sequences in the cell DNA was 
complicated, exhibiting linkages among different pieces of the 

HindIII-I . J 

in the head-to-tail or the head-to-head orientations. 

In 1 clone, the E IB gene region sequence was fused to the E1A gene region 
sequence, the structure of which was found to serve as a template for 
transcription of the S1B-E1A fusion mRNA of 2.0 kilobases . The cDNAs 
cloned were complementary to the E1B-E1A fusion mRNA of 1.8 kilobases. 
Sequence anal, of the cloned E»NA indicated that transcription of these 
mRNAs initiated at or near the E IB promoter, proceeded through the E IB 
sequences to the flanking E1A region sequences, and terminated in the 

same 

manner as the E1A mRNAs. In vitro translation of hybridization-selected 
viral mRNAs showed that E1B-E1A fusion mRNAs predominantly directed the 
synthesis of the E IB gene-encoded protein with a mol. wt . of 16,000 
(E1B-16K) and the E1A gene-encoded protein of 45,000 (E1A-45K). 
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Structure and expression of the integrated viral DNA 
in a rat cell line transformed by the left-terminal 
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Integrated viral DNA sequences and cDNA copies of viral mRNAs were cloned 
from 7IJY1-1, a rat 3Y1 '-ell line transformed by the adenovirus 
7 DNA fragment (Hindi II - I . cntdot . J, 0-1.$% map position). The 7IJY1-1 
cell line contained most of the sequences of the Hindu I - 1 . cntdot . J, and 
its mol . arrangement in the rat cell DNA was complicated, exhibiting 
linkages among different pieces of the Hindi I I -I . cntdot . J in a head to 
tail or a head to head orientation. Anal, of the 

cloned cE>NA indicated that some of zhe fused viral EiNAs serve as 
transcripti on templates for E1B-E1A fusion mRNAs which were found esp. in 
7IJY1-1 cells. In vitro translation of hybridization-selected viral 
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mRNAs 



showed that E1B-E1A fusion mRNAs direct the synthesis of the E IB 
gene-encoded 2 1 , 00 0-dal ton protein. These results show that in the 
7IJY1-1 cell line, linkage structure of the integrated Hindi I I -I . cntdot . J 
permit transcription of E1B-E1A fusion mRNAs and expression of the E1B 
gene-encoded 2 1 , 000-dal ton protein. 
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Activation of the adenovirus late promoter 
by cis- and trans-acting elements 
Lewis, E. Diann; Fu, Xin Yuan; Manley, James L. 
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USA 
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Biol. Dev.), 351-60 
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Journal 
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To study transcription initiation from a strong promoter, the 
adenovirus 2 late promoter was fused to the SV40 virus T-antigen 
gene A, and T-antigen protein and mRNA prodn. was examd. following 
transfection of the recombinant DNA into human cell lines. The promoter 
was activated either by a trans-acting E1A protein or by a cis-acting 
enhancer element. The presence of 2 enhancer elements duplicated 
head-to-head relative to each other gave . gtoreq . 1-fold 

increase in transcription relative to a construct contg . only 1 copy of 
the enhancer element. The enhancer element had no effect on 
transcription 

in cells cons ti tutivel y expressing the E1A gene. 
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